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There are many instances involving liquid/gas interfaces and their dynamics in the design of liquid
engine powered rockets such as the Space Launch System (SLS). Some examples of these
applications are: Propellant tank draining and slosh, subcritical condition injector analysis for gas
generators, preburners and thrust chambers, water deluge mitigation for launch induced environments
and even solid rocket motor liquid slag dynamics.
Commercially available CFD programs simulating gas/liquid interfaces using the Volume of Fluid
approach are currently limited in their parallel scalability. In 2010 for instance, an internal NASA/MSFC
review of three commercial tools revealed that parallel scalability was seriously compromised at 8 cpus
and no additional speedup was possible after 32 cpus. Other non-interface CFD applications at the
time were demonstrating useful parallel scalability up to 4,096 processors or more.
Based on this review, NASA/MSFC initiated an effort to implement a Volume of Fluid implementation
within the unstructured mesh, pressure-based algorithm CFD program, Loci-STREAM. After
verification was achieved by comparing results to the commercial CFD program CFD-Ace+, and
validation by direct comparison with data, Loci-STREAM-VoF is now the production CFD tool for
propellant slosh force and slosh damping rate simulations at NASA/MSFC. On these applications,
good parallel scalability has been demonstrated for problems sizes of tens of millions of cells and
thousands of cpu cores.
Ongoing efforts are focused on the application of Loci-STREAM-VoF to predict the transient flow
patterns of water on the SLS Mobile Launch Platform in order to support the phasing of water for
launch environment mitigation so that vehicle determinantal effects are not realized.
